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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The invention relates to a semiconductor device provided with a 
temperature detection circuit, particularly relates to a semiconductor device 
provided with a temperature detection function of a semiconductor chip on 
which a logical circuit such as a central processing unit (hereinafter referred to 
as CPU) is mounted. 

2. Related Art: 

A demand for high speed in a CPU serving as a logical circuit has grown 
recently. In connection with such a demand, a high speed operation of the CPU 
causes the increase of heat generation, resulting in the occurrence of 
phenomenon of accelerating increase of resistance value, increase of power 
consumption and deterioration of a semiconductor device. As a result, there 
occur a disadvantage of the operation of the CPU and a problem of overdrive of 
the CPU and the like. 

A countermeasure has been taken to avoid this problem such that a 
temperature sensor is disposed outside the CPU to monitor the temperature, 
thereby sending out a warning before the CPU is overdriven. There is a system , 
for example, as an example of such a counter-measure, having a configuration 
such that an interface circuit for connecting between the CPU and an external 
circuit is provided, and a temperature sensor for measuring an ambient 
temperature is disposed outside the CPU, and also a sensor control circuit for 
controlling the temperature sensor is provided while the sensor control circuit is 
connected to the interface circuit and the CPU. 

According to the above conventional system, if an ambient temperature of 
the CPU is higher than a set value, the sensor control circuit once receives 
information and supplies a processed signal to the CPU, whereby a process is 
executed such that an operating frequency is reduced or a warning is sent out or 
the like, thereby preventing the CPU from being overdriven. 

There is another prior art wherein a forward current is supplied from a 
constant current source by a PN juncture diode, and voltages at both ends of the 
diode are measured at that time, thereby measuring a temperature utilizing a 
relation between the voltage and the temperature (see, e.g. JP-A 5-283749). 

However, the method of disposing the temperature sensor outside the 
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CPU merely detects the ambient temperature of the CPU but does not detect the 
temperature of the CPU per se, thereby arising a problem that the temperature 
of the chip has not been controlled in real time with good accuracy. 

SUMMARY OF THE INVENTION 
There is provided a semiconductor device provided with a function to 
control a temperature of a CPU in real time with good accuracy by building a 
temperature detection circuit for directly measuring the temperature of the CPU 
in a semiconductor chip. According to the semiconductor device of the invention, 
a temperature detection circuit is provided inside a chip which is the same as the 
CPU, and it comprises a temperature detection part comprised of a PMOS 
transistor and an NMOS transistor connected in series to each other between a 
power supply potential VDD and a grounding potential, wherein a stray 
capacitance between a junction (live node) between the PMOS transistor and the 
NMOS transistor and the grounding potential is charged with a current 
differential between an off leak current of the PMOS transistor and an off leak 
current of the NMOS transistor, thereby changing the potential of the junction, 
and when the changed potential reaches a threshold voltage in a given period of 
time, it is decided that the temperature of the CPU reaches a set temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram of a temperature detection circuit of a 
semiconductor device according to a first embodiment of the invention; 

Fig. 2 is a view showing the entire configuration of the semiconductor 
device according to the invention; 

Fig. 3 is a flowchart for explaining an operation of the temperature 
detection circuit according to the first embodiment of the invention; 

Fig. 4 is a circuit diagram of a temperature detection circuit of a 
semiconductor device according to a second embodiment of the invention; 

Fig. 5 is a flowchart for explaining an operation of the temperature 
detection circuit according to the second embodiment of the invention; and 

Fig. 6 is a view showing the relation between an off leak current (loff) of a 
MOS transistor per unit of length and a temperature (Ta). 

PREFERRED EMBODIMENT OF THE INVENTION 

Preferred embodiments of the invention are now described with reference 
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to drawings. 

Fig. 2 is a view showing the entire configuration of a semiconductor 
device of the invention, wherein an interface circuit 12 is connected to a CPU 11 
for connecting between the CPU 11 and an external circuit. A temperature 
detection circuit 13 for detecting a chip temperature is connected to an interior of 
the CPU 11 and a control circuit 14 for controlling the temperature detection 
circuit 13 is connected to the temperature detection circuit 13. An output of the 
control circuit 14 is connected to the interior of the CPU 11. 

First Embodiment: 

Fig. 1 is a circuit diagram of a temperature detection circuit according to 
a first embodiment of the invention, wherein depicted by TRp is a p-channel MOS 
(PMOS) transistor and TRn is an n-channel MOS (NMOS) transistor. An input 
signal ENI is connected to a gate of a PMOS transistor TRp 11 and a gate of an 
NMOS transistor TRnl2, and a reset signal RESET1 is connected to a gate of the 
NMOS transistor TRnl3. Further, a node CI (also called as a live node) is a 
junction between a drain of the PMOS transistor TRp 11 and a drain of the PMOS 
transistor TRnl3 and it is connected to a gate of an NMOS transistor TRnl4. A 
source of the PMOS transistor TRpll is connected to a power supply potential 
VDD. The NMOS transistor TRnl2 is connected to a drain of the NMOS 
transistor TRnl4 at its source, and to an output node OUT1 at its drain. A 
source of the NMOS transistor TRn 14 is connected to a grounding potential GND. 
A PMOS transistor TRpl5 is connected to the power supply potential VDD at its 
source, and to the output node OUT1 at its drain, and to a pre-charge signal PRE1 
at its gate. Further, a data holding circuit structured by inverter circuits INV11 
and INV12 is connected to the output node OUT1. The dimensions of the 
inverter are smaller than the dimensions of the NMOS transistor TRnl2, the 
NMOS transistor TRn 14 and the PMOS transistor TRpl5. 

An operation of the circuit in Fig. 2 is described with reference to the 
timing chart shown in Fig. 3. 

Time interval A: 

When the pre-charge signal PRE1 renders the PMOS transistor TRpl5 

conductive at "L" level, and pre-charges the node OUT1 with "L" level, while the 

input signal ENI is "H" level and the reset signal RESET1 is "L" level, so that the 

PMOS transistor TRpll is rendered in ON state and the NMOS transistor TRnl3 

is rendered in OFF state, and the node CI is charged with "H" level. As a result, 

the NMOS transistor TRnl2 is rendered in OFF state and the NMOS transistor 
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TRnl4 is rendered in ON state so that the output node OUT is held at "H" level. 
Time interval B: 

The pre-charge signal PRE1 keeps "L" level and the reset signal RESET1 
is changed from "L" level to "H" level, and the signal EN1 is changed from "L" level 
to "H" level. As a result, electric charge charged in the node CI is discharged via 
the NMOS transistor TRnl3, and the node CI is changed from "H" level to "L" 
level. At this time, the PMOS transistor TRpl5 and the NMOS transistor TRnl2 
are rendered in ON state but the NMOS transistor TRnl4 is rendered in OFF 
state, and hence the output node OUT1 is not changed while keeping "H" level. 

Time interval C: 

When the pre-charge signal PRE1 is raised, the PMOS transistor TRpl5 
is rendered in OFF state to complete the charging (pre-charging) of the output 
node OUT1. This state is kept until the completion of the time interval E, 
described later. 

Time interval D: 

The electric charge charged in the node CI is discharged by inputting the 
reset signal RESET1 periodically at a given cycle T. A current for charging the 
node CI increases exponentially as the temperature increases (lofRTRpll)- 
lofflTRpl3):loff is an off leak current between the PMOS transistor TRpll and the 
NMOS transistor TRnl3, and temperature characteristics thereof have to be 
referred to Fig. 6), so that the potential of the node CI increases during the given 
cycle T. 

Time interval E: 

When the potential of the node CI increases to exceed the threshold value 
of the NMOS transistor TRnl4, the NMOS transistor TRnl4 is rendered in ON 
state, and since the NMOS transistor TRnl2 is in ON state because the input 
signal EN1 keeps "H" level, the electric charge accumulated in the output node 
OUT1 during a pre-charge period is discharged so that the potential of the output 
node OUT1 is changed from "H" level to "L" level. Although the off leak current 
also flows to the PMOS transistor TRpl5 at this time, the current value of this off 
leak current is of the order of 10" 9 (A/um), while the ON current of the inverter 
pairs (INV11, INV12) which keeps the potential of the output node OUT1 is of the 
order of 10 4 (A/um), so that the potential of the output node OUT1 is not changed 
by the off leak current of the PMOS transistor TRpl5. 

Time interval F: 

If it is detected that the temperature of the CPU chip exceeds a given 
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temperature during the time interval E, the CPU renders the pre-charge signal 
PRE1 "L" level (valid) and the signal EN1 "L" level upon execution of a given 
process so that the output node OUT1 is charged with "H" level as an initial state. 

The width W of the gate of the PMOS transistor TRpll which is the off 
leak current source of this circuit is determined in the following manner. The off 
leak current of the NMOS transistor per unit of length is the same as that of the 
PMOS transistor, and they are practically calculated using a value differential 
between the gate width Wp of the PMOS transistor TRpll and the gate width Wn 
of the NMOS transistor TRnl3 (Wd=Wp-Wn). The cycle for detecting the 
temperature is the cycle T of the reset signal RESET1, and assuming that the 
stray capacitance between the node CI and the ground is C, a potential V to be 
increased by the electric charge accumulated in the stray capacitance C can be 
represented by the following expression (1). 

V= ( 10 (1W50>11 5 * Wd*T)/C ( 1) 

where Ta is the temperature of the CPU chip. Assuming that the setting 
temperature is Ta=125 (°C), and C is lOfF, T=10ns, V=Wd/10 is established from 
the expression (1). Accordingly, assuming that the threshold voltage Vth of the 
NMOS transistor TRnl4 is 0.6V, it is sufficient that the gate width Wp of the 
PMOS transistor TRpll and the gate width Wn of the NMOS transistor TRnl3 
are set to meet the expression of Wd=6//m. 

As mentioned above, the CPU reads out the potential of the output node 
OUT1 via the control circuit 14, and when the CPA detects the change of the 
potential from "H" level to "L" level, it can stop the system after storing these data 
in a safe place before these data are broken owing to overdrive thereof by heat and 
the like. After stopping the system, the CPU initializes the circuit during the 
time interval F, so that the temperature detection circuit can detect again the 
temperature. 

Second Embodiment: 

Fig. 4 is a circuit diagram of a temperature detection circuit according to 
a second embodiment of the invention. The temperature detection circuit of the 
second embodiment shown in Fig. 4 is different from that of the first embodiment 
in respect of the addition of a PMOS transistor TRpl6 which is connected to the 
output node OUT1 at its gate, to the power supply potential VDD at its source, 
and to the node CI (live node) at its drain. 

Although an operation of the temperature detection circuit of the second 
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embodiment is the same as that of the first embodiment, the former is different 
from the latter owing to the addition of the PMOS transistor TRpl6. That is, at 
the end of the time interval D, when the potential of the node CI exceeds the 
threshold value of the NMOS transistor TRnl4 and the NMOS transistor TRnl4 
is rendered in ON state, and the potential of the output node OUT1 is changed 
from "H" level to "L" level, the PMOS transistor TRpl6 is rendered in ON state, so 
that the stray capacitance C of the node CI is rapidly charged. As a result, when 
the temperature detection circuit detects that the temperature of the CPU exceeds 
the set temperature, the output node OUT1 is surely kept at "L" level, thereby 
preventing the erroneous operation. 

As described in detail above, according to the semiconductor device of the 
invention, since the temperature detection circuit is provided inside the chip 
which is the same as the CPU, and it comprises a temperature detection part 
comprised of the PMOS transistor and the NMOS transistor connected in series 
between the power supply potential VDD and the grounding potential, wherein 
the stray capacitance between the junction (live node) between the PMOS 
transistor and the NMOS transistor and the grounding potential is charged with a 
current differential between the off leak current of the PMOS transistor and the 
off leak current of the NMOS transistor, thereby changing the potential of the live 
node, and when the changed potential reaches a threshold voltage in a given 
period of time, it is decided that the temperature of the CPU reaches a set 
temperature, thereby providing the semiconductor device provided with the 
function to control the temperature of the CPU in real time with good accuracy. 
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